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In experiments of type a) electro cally cited sodium was used to promo

the chimi-ionization reaction with O and S02. \ Two photon ionization of Nd2
and Li2 was also studied in order to investigatelaser selectivity.ft sotope
fractionation is observed in the case of Li2 using a single mode Arl Ion laser.
Some analysis of photodissociation of Na2*, and observation of polarized light.
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ionization reactions of many of the alkali dimers with the halogens and
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ABSTRACT

This is the final report for Grant DAAG 29-78-G-0136, which has been a

joint project with the Air Force. Advances in chemical dynamics are not

usually achieved by a single experiment but rather a blend of informations

using a variety of techniques. As a consequence, the results of this re-

search project may be classified in four separate categories: a) preparation

of and experiments with electronically excited atoms and molecules;

b) measurements of kinetic energy thresholds for ion-pair production from

molecular collisions, with subsequent derivation of molecular binding

energies and electron affinities; c) thermal energy chemi-ionization proces-

ses; d) alkali reaction with H 2/D2
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A. INTRODUCTION

This is the final report for ARO Grant DAAG-29-78-G-0136. This program

was jointly supported by AFOSR and ARO. In doing this work, we attempted to

maintain a balance between a) research that might be classified as

essentially pure (in scientific areas, however, which are related to DoD

missions) and b) similar problems which involve atomic and molecular species

that are directly involved in systems of DoD interest. As an example of

the former, the entire field of ionization processes is of DoD interest,

primarily because the charge balance in the atmosphere (both normal and

disturbed) determines the ability of electromagnetic signals of various

frequencies to propageate through it. We have done a variety of ionization

studies which contribute to further understanding of these properties. An

example of more directly relevant research are our measurements of the

electron affinities and other negative ion properties of such species as 02,

03 , NO2, OH, NO3, HNO3, etc.

The experiments supported under this grant were all performed via

various combinations of molecular beam and laser techniques in order to more

fully exploit the advantages of each.

The four main categories of experiment were:

1. Lasers were used to produce and characterize atoms in specific electronic

states or molecules in specific electronic vibrational and/or rotational

states. We performed two photon ionization experiments on alkali dimers

and observed ionization from specific vibrational and rotational states.-

We also prepared Na(3p) and used it to promote the collisional ion-

ization of 02 and SO In both these experiments, energy for ioniza-

tion was produced wholly or partially from photons, It Is expected
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that two photon ionization may be used to characterize the products

of chemical reactions while electronically excited atomic states will

be useful in further understanding chemical reactivity.

2. In addition, we continued our well-established program for determining

the electron affinities and bond strengths for negative molecular ions.

This was done with a variety of molecules including a number of

important atmospheric species. Molecular beams in the electron-volt

kinetic energy region were used. In this case translational motion

supplied the energy for the chemi-ionization process.

3. Several examples of chemi-ionization at thermal energies, where the

energy for ion productions comes from the energy released in new bond

formation, were also found. These occur in the reactions of the alkali

dimers with the halogens, Ifr, ICI, MoF6 , WF6 and UF6 .

4. The techniques developed above were originally to be applied to a

study of the reaction of alkali atoms and dimers (particularly Cs)

with H2/D2 for possible application in H- ion source design. Prelimi-

nary studies on Cs reacting with H2 produced unclear results but work

is proceeding on these important reactions.

All of the techniques used and systems studied have focused on the role

oi energy in chemical reactivity. We have examined the effect of translational,

electronic and vibrational-rotational energy on the ionization as this is

the simplest type of chemical change. The stability and accessability of

product states is also important for understanding chemical reactivity. Our

results for electron affinities and bond strength for a variety of syst ems

are suarlzed in Table 1.

2
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B. DISCUSSION AND RESULTS

In order that one may more fully understand the goals and scope of

our program we will briefly discuss and summarize the published work. We

will also attempt to provide the motivation for it and the relationship

between the various areas.

1. Preparation of excited atoms or molecules in specific quantum states.

One of the most important goals in reaction dynamics is the theoretical

prediction of probabilities of chemical reactions or other physical processes.

Although macroscopic rate constants are usually determined by bulk experi-

ments and tabulated for most practical applications, they are very difficult

to compare with theory.

The job of obtaining a sufficient number of rilevant rate constants

and their temperature dependence so as to be useful in predicting practical

situations is usually difficult. The value of microscopic rate constants

has been recognized for many years. These more detailed building blocks

are very useful in gaining an understanding of a variety of collision

processes. However, their use is usually limited to situations where the

internal states of both reagents and products can be characterized by a

temperature. Even then, in order to compare such theories with experiment,

it is usually necessary to compute a large number of constituent processes

to obtain a rate constant. This is so because the microscopic rate constant

is an average value resulting from many collisions which have a large range

of initial quantum states, kinetic energies, impact parameters and mutual

orientation of the molecules. It is unsatisfactory to undergo this calcu-

lational labor to obtain only two parameters, perhaps a rate constant and

its temperature dependence, since it Is difficult to attribute deviations to

one of the specific factors and thus makes the exercise less meaningful.

3



Molecular beam studies have contributed to unraveling this situation,

since the initial and final relative kinetic energies have been controlled

and measured, respectively. Some information about the initial impact

parameters has also been deduced from the angular distributions of reactive

and non-reactive collisions.

Such studies have shom that, freouently, products of single collisions

cannot be described by temperatures, even within a particular degree of

freedom. Accordingly, it becomes appropriate to study the individual cross

sections for passing from specified initial to final quantum states.

With the advent of laser technology. it is now possible, in addition

to the advances mentioned above, to start reactions with molecules which

have definite electronic, vibrational or rotational states, or with atoms

in a definite electronic state. Likewise, the internal energy distribu-

tions of the product states may be deduced with lasers. With polarized

light, inferences may be made about the relative orientation of the two

species.

We have been engaged in molecular beam research for many years and

u the past two years we have started to use lasers as tools for use with

the beam techniques, as have others. This provides a slightly differ-

ant point of view froo laser workers who have found molecular beam a

useful tool. The latter normally are not Interested in subsequent colli-

sion studies. With either point of view, however, in addition to the vir-

tues of molecular beams cited above, there are two additional advantages:

a) if a molecular bean crosses a laser beam at right angle, the Doppler

shift of frequencies becomes vanishingly small. This means that a very

narrow laser frequency width can be used for excitation, so that a d.-
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sired frequency can be saturated; and b) there is no collisional relaxation

to disturb the newly formed excited molecules.

Our initial studies on chesni-ionizations induced by electronic excita-

tion has been with Na atoms as the D states are easily reached with existing

laser technology as described in the paper below:

Volume Si, number 1 CHEMICAL PHYSICS LETrERS 1 October 1977

NEAR-THRESHOLD IONIZATION OF EXCITED Na(32 -) BY COLLISIONS WITH 02 AND SO 2 *

Erhard W. ROTHE, B.P. MATHUR
Research Institute for Engineering Sciences and Department of Chemical Engineering, Wayne State University.
Detroit, Michigan 48202, USA

and

Gene P. RECK
Department of Chemistry, Wayne State University, Detroit, Michipn 48202, USA

Received 20 June 1977

Positive ions are produced in crossed beams of eV-range sodium atoms and thermal 02 or SO2. Resonant laser light is
used to excite a small fraction of the sodium to N&0(3 2P,/2 or 3 2P3/2 ). Product ions are observed at lower reagent kinetic
energles with Na* than with Na.

The major result of these studies was that electronic excitation could

be used to promote the chemi-ionization processes.

Two photon ionizations of alkali molecules may also be easily studied

because a) these molecules have sufficiently low-lying electronic states

that they can be excited with a single photon in the convenient range of

visible cw light obtainable from argon-ion lasers, b) their vibrational and

rotational spacings are such that they can be excited exclusively to single

upper state v, J levels, c) the specific transitions excited by the argon-ion

looer limes for the molecules Li 2 and Ns2 have been Identified so that this

5
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upper state level is known, d) the number of argon-ion laser lines is

sufficient that the molecules may be prepared with a wide range of vib-

rational and rotational energies and, consequently, the dissociation energy

may be varied from maximum to almost zero, and finally, e) the same laser

frequency that excites the molecules can also be used to ionize the excited

state, so that the excited state population can be monitored by two-photon

ionization.

We have already excited, and ionized, a few such states in Li 2 and Na 2

and accounts these experiments are described in the four papers below:

2518 J. Chemn. Phys. 69(5). 1 Mar. 1978 0021-9606/7815805.251so,.o 0 1978 Americari Institute of Physics

Two-photon ionization of Na2 by an Ar+ Iaier")
B. P. Mathur and Erhard W. Rothe
Research Institute *o Engineering Sciences and Department of Chemical Engineenn& Wayne State
Univetity. Detmot Michigan 482

Gone P. Rack
Department of Chemistry Wayne State Uni1"Vest. Detroit Michiga 4820
(Received 13 Sepeember 1971)

Volume 53, number I CHEMICAL PHYSICS LETTERS I January 1978

ISOTOPE FRACTIONATION IN TWO-TEP PHOTOIONIZATION OF U2

Erhard W. ROTHE, B.P. MATHUR
Research Instisute for Enineering Sciences end Department of Chemical Engineering, Wayne State Uiniversity,
Detroit, Michigan 48202. USA

and

Gene P. RECK
Department of Chemistry. IN~yne State University, Detroit, Michia 4202. USA

Received 12 September 1977

A e ason4 Isme beats int e ts a tbermhlvassp Utbhm~oem. Sequeathi two*M ona Wlmb ona of LUe Isob.
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Volume 56, number 2 CHEMICAL PHYSICS LETTERS I June 1978

TWO-PHOTON IONIZATION OF Li2:
ISOTOPIC SEPARATION AND DETERMINATION OF IP(Li) AND D(i)

B.P. MATHUR, Erhard W. ROTHE
Research Instiute for Engineering Sciences and Department of Chemical Engineering. Wayne State University,
Detroit, Michigan 482102, USA

Gene P. RECK
Department of Chemistry, Wayne State UniversitY, Detroit. Mfichigan 48202, USA

and

Allan J. LIGI-TMAN
Department of Electrical and Computer Engineering. Wtayne State University.
Detroit, Michigan 48202. USA

Received 13 February 1978

Complete isotope separation is achieved by two-photon ionization of Li 2 by a single mode Ar* laser. With the use of
two Ar*lasers, the ionization potential of Li2 is found to be S.1 74 ± 0.013 eV., and the dissociation energy D,(Li*) to be
1.2 74 t 0.0 19 eV.

2262 J. Chem. Phys. 805). 1 SePt. 1978 OO21.9e06fl906.2262S1OO 0 American Inlitituit Of t~yial

Calculated transitions in Li2 isotopes at argon laser
frequencies

Allan J. Lightman
Departmnet of Electrical and Computer Engineering and Research Intstitute for Engineering &ience
Wayne State Univeniy. Deroit, Michigan 48202

B. P. Mathur
Resareh Institute for Engineenn, &im Wayne State Vaijwmp. Amok, Michigan 4122
(Itmeive 29 Marchs 1971)

These studies demonstrate the selectivity Of laser excitations partic-

ularily for the isotopes of Li. In the future we hope to use this selectivity

to probe the internal state distributions of product molecules using two-

photon ionizatiotl techniques as developed and demonstrated here.

The following two papers with Na 2 are from experiments that E. W. Rothe

did while on sabbatical in Germany. In this case the analysis and papers

written, which took as much time as the experiments, were done by E. W. R~othe

in the U.S., and Army support for this time is acknowledged. As may be seen,

the work is an extension Of techniques used at V.5.11.
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(Accepted by the Journal of Chemical Physics)

Photodissociation of Na2 and Rb2 : Analysis of atomic fine structure of 2P products

Erhard W. Rothe

Research Institute for Engineering Sciences and
Department of Chemical Engineering
Wayne State University, Detroit, Michigan 48202

U. Krause and R. DUren

Max-Planck-Institut fUr Str8mungsforschung,
D3400 Gittingen, Federal Republic of Germany

(Received

Sodium and rubidium dimers are photodissociated with the use of an

argon-ion laser. The sodium dimers constitute a fraction of a super-

sonic molecular beam, while the rubidium dimers are part of a vapor. The

intensity of the emitted atomic D1 and D2 lines is measured as a function

of the laser wavelength. The sodium is excited to the B state, which then

disocitesto Sand 21dissociates to P atoms. At two of the laser wavelengths the

sodium fluorescence originates entirely from the J-3/2 fine structure level.

The rubidium, with most laser lines, is excited to the C state which is

then predissociated by the B state to yield 2 S + 2 atoms. The data are

compared with those of other experiments and are analyzed with the use of

previously published atom-molecule correlation diagrams. The dissociation

proceeds more simply than has been suggested by others.

i



(Submitted to Chemical Physics Letters)

Observation of Polarization of Atomic Fluorescence
Excited by Laser-Induced Dissociation of Na2

Erhard W. Rothe

Research Institute for Engineering Sciences and
Department of Chemical Engineering
Wayne State University, Detroit, Michigan 48202

U. Krause and R. Dren

Max-Planck-Institut fir Str~mungsforschung,
D3400 Gbttingen, Federal Republic of Germany

ABSTRACT

Dissociating Na2 B(ln u) molecules produce Na 
2P3/2 which them emit

the resonance D2 line at 5890 A. This radiation is found to have a degree

of polarization of minus 5±1%. This is the first observation of polarized

atomic radiation resulting from dissociation. This effect was predicted by

Van Brunt and Zare and their work is used to deduce a dissociation mechan-

ism from the polarization.
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2. Electron affinities.

An understanding of complex chemical systems in which energy deposition

and flow are important, such as in plasma, atmospheric chemistry, combustion,

flames and lasers, involves the knowledge of the energetics of ionic species

as well as their reactions with neutral species. In many cases, trace

impurities may in fact be a major determinant of performance.

Caseous negative ions have received considerably less attention than

have positive ions. Nevertheless, an understanding of the role negative

ions play in various chemical processes is of fundamental importance a)

in the formation of ions and electrons in the ionosphere (which, in turn,

is intimately connected with propagation of electromagnetic radiation at

communication frequencies), b) in the production of ions in flames and

shocks, c) in fundamental chemical structure problems and in energetics,

d) in radiation phenomena, and e) in the use of negative ions in mass

spectrometry.

The electron affinities of a wide range of species are needed in

order to estimate anion stabilities and map out the energy flow in these

complicated systems. Theoretical calculations of the electron affinities

of atoms is still considered difficult since electron correlation must be

included. The electron affinity of molecular species is even more diffi-

cult to calculate exactly and only rather general empirical rules exist

as a guide. For the imediate future. direct measurement of the electron

affinity Is the only course.

81



In 1969. two papers were published, almost simultaneously, which

presented-experimental results on processes of the type

+M+X
4 +I + K- M+ +X+Y -

where M is an alkali atom and XY may be diatomic or polyatomic. One of

these measurements was performed at the POM Laboratory in Amsterdam,

the other was done by E. W. Rothe in collaboration with Dr. R. K. B.

Helbing. These two groups have continued with similar work, and other

laboratories have now entered this field. In these experiments, interest

is generally focused upon the XY molecules rather than upon the alkali

atom. The appeal of these reactions lies in at least two areas, both of

which were studied here, and which we plan to continued to study.

The first area is the determination of molecular properties. These

reactions have energy-thresholds which lie where the molecular energies

predict; i.e., the products do not contain excess kinetic or internal

energy, in contrast to behavior frequently observed with photon or electron

impact. Accordingly, this approach may be used to measure such molecular

parameters as bond energies in neutrals or in negative ions, and to measure

electron affinities in atoms, molecules and radicals. This laboratory

has been active in developing the relatively complex experiments and

computer codes that are required to obtain very precise energies. The

particular methods are described in the reports and publications:

9



The Journal of Chemical Physics, Vol. 62. No. 1, 1 January 1975 Copyright C 1075 American Institute of Physics

Ionizing collisions of cesium with C12, Br2, and 12
S. Y. Tang, C. B. Leffet and Erhard W. Rothe
Research Institute for Engmneerung Sciences and Department of Chiemwda Enginenn& Wayne Stt Univeriy. Detroit.
Michigan 48202

Gene P. Reck
Department of Chemil"r. Wayne Stat Untiversity. Detroit, Michigan 48202
(Received 9 September 1974)

A crossed mnolecular beam apparatus is used to study ionizing collisions of energetic cesum atoms
with C2, Ue2. and 13. Trhe cros sections for formation of Cs* are reported in the nw-threshold
region. The experiment combines an energy resolution better than 0.1 eV (FWHM with a
deconvolution procedure An electron affinity of 2.50 eV is deduced for ail three halogens in goo
ageement with previous work. In a separate experiment, with cesium energies from threshold to 350
eV, and with much poorer energy resolution, the intensity ratios X-/Xj are obtained. The results
can be reasonably explained with an electron jump model. At energies below 30 eV, the osre

waio e in agreement with two other investigators. bot betwe 150-330 eV they are drastically
-een from work reported from a thid. Complenentary da recendy repoeted by a fourth group

an difflcult to reconcile ith the present rawts.

J. Chem. Phys.. Vol. 62. No. 9. 1 May 1975

Measurement of electron affinities of 03, , and503 by
collisional ionization

Erhard W. Rothe and S. Y. Tang
Reserch Institte jbr Enginerin Siencs; and Department of Chemical Engineering. Wayne State Univiersiy Dennois,
Michigan 4a20

Gere P. Rock
Department -of Chemistr Wayne Stat University Detrokt Michiga 48202
(aeelwd 29 November 1974)

The Journal of Chemnical Physics. Vol. 64, No. 3. 1 February 1976 Copyright 0 1976 American Institut of physics

.10



Negative gaseous Ions from nitric acid*
B. P. Mathur, Erhard W. Roth., S. Y. Tang,t and Kanwal Mahalan
Reseach lutitute for Engineering Sdencas and Department of Chemical Envgineering. Wayne State
Uuivemsjjp Detroit, Michigan 4822

Gone P. Rock
Deparmnt of Chmmitry Wayne State Unilwulhy. Derot Michigan 48202
(Received 17 October 1975)

The Journal of Chemical Physics, Vol. 65. No. 2, 15 July 1976 Copyrit 0 1976 American Institute of Physics.

Negative ions from phosphorus halides due to cesium
charge exchange*

B. P. Mathur, Erhard W. Rothe, and S. Y. Tangt
Research insttte for Eugluwriug Sciences and Departmeua of Chemicoal Eqlueerung Waque Sowt
UWfrsiW. Detroit, Mkchian4820

Gone P. Rock
DeponwM Of Chemis". Waque State Univrst. Detroit Michian 482=
(Raceived 2 March 1976)

An experiment has been conducted us which cealun atom, thed kinetic energ range 2-350 eV collide
with phosphorus halides. Parent anions anod fragments are formed. Molecular energies are obtained
home tresholld msessremem. The dactron alfauses for PC13. PO. Pfir, PC32Dr. P~raCl, and POC 2 are

uAmd to be 0U, 1.4. 1A4 1.5, 1.6. mad 3.8 eV, respectively. Thie P-X bond enrisfor PC1, . and
M3 are 3.3. 3.5. and 2.6 eV, raeetively.

Mnother application of these techniques is to a study of the detailed

dynamics of a particular process. An analysis Of the chemi-ionization of

the freons; by Cs using simple surprisal theory reveals that the process is

direct rather than statistical as described below:

The Journal of Chwnical Physics. Vol. 64, No. 4.15 Februar 1976 Copyright 0)1976 Amnerican Irstituss of Physics

Negative [on formation In halocarbons by charge exchange
with cesium

S. Y. Tang, B. P. Mathu, and Erhard W. Rothe
Xaemer inatitute fee Eniner lg Sciences enid DePunmmu ff 01..ic0l EVqIusfthS Wayue Seam
Uunv~trs Detrokt Michiga 48202

Gor P. Rock
De.Wmsu of Cknm Pique Simg CUaiu Deuelt MdehMP 4W

l(Jeesld 22 lepiamber 1975)



A crossed moecular beam apparatus as used to study the formation of amass by charge exchange of fast
cesium atoms with a variety of haiocarbosis The branching ratos are determined from threshold to 350
eV. Comparison of the spectator stripping ad information theoretical models to the data leads to the
conclusion that this cls of reactoni an example of an ultradirect impulsive mechanism. In the ms
favorable asm- that of CF3I, we have determined the near threshold relative crowm ctios for the ans
CF3 r, I-, CFi, ad IF-. Froe these we determine the electra. afinity of CFI- to be 14*0.2e9V and the
bad dissociation energy of CF- as 0.38 ± 0.1 eV. which disagrees with values obtained in a previous
expeiment.

NEGATIVE IONS FROM REACTIONS OF ALKALIS WITH SnCI,, GeCI4
AMD TiC!,

B.P. MATHUR and ERHARD W. ROTHE

Resarch Institute for Engineering Sciences and Department of Chemical Engineering,
Wayne State University, Detroit, Michigan 48202 (U.S.A.)

GENE P. RECK

Department of Chemistry, Wayne State University, Detroit, Michigan 48202 (U.S.A.)

(Received 13 November 1978; in final form 3 January 1979)

ABSTRACT

An atomic beam of cesium, with kinetic energy variable from 1 eV to 150 eV, inter-
sects a thermal-energy beam of MCI.. where M - Sn, I, Go and Si. Ionic products of
these reactions are Cs*, MCI;, MlCI and Cl. The kinetic energy thresholds for some of
these product ions are measured for M -Sn and Ti. From these thresholds the electron
affinities are deduced for MCI. and MCI,, as are some bond energies in the product nega-
tive ions. Alternatively, crowsed beam of C., (or K2) and MCa4 are used with both beams
having thermal energies. With M - Sn and Ge, W. (or K*) and MCI5 are produced, and for
then systems a lower limit for the electron affinity Of MC13 is deduced. The molecular
energetics reported here agree with values measured at Harvard University for MA - Sn, but
are in significant, disagreement with the electron affinities Of SnCl3 and GeC13 obtained
at Rice University.

Interustloru. Journal of Mms Spectrometry and Ion Physics, 31 (1979) 77--84
0 Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands

12
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Measurement of Boron Trihalide Electron Affinities:

Correlation with B-N Adduct Strengths+

Erhard W. Rothe and B.P. Mathur*

Re eaaeh WVutL.e 6o Enginee&tg Sciene an Verxtant o6 Ckemizat
EngineeA~ing, Wa~yne State UniveAAit, VetAoit,, DS&cigani 48202

Gene P. Reck

Vepattmnt oj Ckemiat'uj, Wayne Stet Unive~Ui*, Vetwct, Michigan 45202

ABSTRACT

The adiabatic electron affinities of several boron trihalideb have

been measured from the determination of threshold kinetic energies for

the reaction Cs + BX3  Cs+ + IX ". A crossed molecular beam apparatus

was used. The electron affinities are <0.0, 0.33, 0.69, 0.94 and 0.82

eV for BF3, BC1 3 , BC1 2 Br, ZC1r 2 , and Dir39 respectively, with an error

estimate of about +0.2 eV. These electron affinities are used toobtain
D-N bond energies for adducts of boron tribalides with He 3N, using an

ionic energy cycle. Values are compared to direct measurements and to

those estimated from MM sh'ft measurements.

3. Chemi-ionization

In addition to the work described above in which Ion pairs were formed

via the collision of molecules with several electron volts of initial

kinetic energy, we also performed measurements in which all the ionization

energy was produced by chemical change.

13
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The prototype reaction was that of an alkali diner with a halogen.

A crossed bean apparatus was used to characterize ionic products of thermal

energy collisions of alkali diners MH2 with hononuclear halogens X 2 and with

IBr and M~. All possible alkali-halogen combinations were studied, except

Rb with M~ and I~r. The predominant reaction path leading to ions was
2

found to be

M+ X 2-1H +NX + X,

when these reactions are exoergic. Reaction via the alternative paths

M H+ X4M X +X (2)

and

M2+X2 M+ -X (3)

waw observed when (1) is endoergic.

For Li2 and Na 2 ' path (1) is energetically forbidden (except withF2)

but paths (2) and (3) are allowed and were found to occur. Some experi-

ments were done with the scientifically interesting UP 6 (electron aff inity-6eV)

to establish the technologically interesting reaction Cs + UP 6 -~ Cs ++ UF 6

These results are described in the papers below:

* Thl JuswMI of ChWnic Mv~iWc, Vol. 65. No. 7. 1 0,,.her 17 COPyrigt 0 1676 Americn Institute of phwic.

Chemi-lonizatlon In thermal energy collisions 'of K2 and
Cs, with halogen molecules*

Erhard W. Roft an B. P. Mafthi
ROMMA IWMeks ,Av EqbwMg Sd Icuand Dpwsmuu ef Ohm*W Eagkaeeub Way. Seuie-L#f &W@eL HdW 4M0

Germ P. Flak

ateww 24 MWy 39M
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Chemi-onizatlon reactions of alkali dimers with halogen
molecules*

Gene P. Reck
Department of Ch-hmWy. Wasl SONe Univursity Detrokt Nichkma 4830

B. P. Mathur and Erhard W. Rothe
Research Institute fm Engineersag Sciences &ni Depilmment ef Chemical Engrwin& Wqine Sbut
University. Detroit Micht.a 48M0
(Received 13 October 1976)

A cr venea apparau is mad to characterize ionic procts of therma eneru collisioas of alkal
dimers M3 with homoauce halogen Xj and with M~ sand ICL AN possible alkai-halos. combinations

westuimi excep ,, wit amad r. Whenenegetimiyu psile the maW productss m minyM*
ten X-. Whent thos pat a caie two asenmie ths awe obaeed Tlue yidd MX* and X-. or M+ lad
MX3 -. The results we iscual id the framawek of a mechanism Irpoe by IA. Whuosbd and GAim
The binding eneg of the trintomic sm. i commpused wish the wrof mn look noilL

The Journal of Chemical Physics. Vol. 67. No. 2. 15 July 1977 Copyrigh~t 0 1977 American Institute of Physics

Ionization reactions of metal hexafluorides with alkali
atoms and dimersa)

B. P. Mathur and Erhard W. Rothe
Rtearrh institute for Engineering Scaencu and Department of Chkensical Englnderint WGYme State
Univepsity. Detroit. Michigan 4820

Gene P. Reck
Depg'nment of Chembsry. Wane State Univnby Dtroit Michign 4820

(Received I February IM7

Ionization reactions are observed in coedbeams. usualy of thermal energ, of alkallis and MOF5. YIP,
and UF, Previou stndies have indicated larg electron affnis for these bexafluorides, and this as
confirmed here Ionimaion at thermal energis p oceeds wit the alal diei A, for the three
bexafluoeidej but with alkl atoms A only for UFO. Several ionisation paths are observed allowingt the
deduction of molecular energie A er esperimenis are don with eV-sang beams, Lower limit for the
electron affinities weu4.5. 3.3, 4.9, 4.3. aned 1.9 eV for MoF,. MoP, YIP. lIP, and UP,. respectively.
Possibl mechanisms wre discussed.
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Ionization reactions of halogens and metal polyhalides with alkali atoms

and dimers: Absolute cross sectionsa)

Gregory J. Wellsb ) and Gene P. Reck

Department of Chemistry, Wayne State-University, Detroit, Michigan 48202

Erhard W. Rothe

Research Institute for Engineering Sciences and Department of Chemical

Engineering, Wayne State University, Detroit, Michigan 48202

(Received

Absolute cross sections for the chemiionization of K2 and Cs2 with

F2, Cl2, Br2, 12, SnCl 4, MoF6, and UF6 , and of K and Cs with UF6 , are

measured. A supersonic alkali beam passes through a gas cell and the

product ions are measured. The relative error in the cross sections is

about 30% while the absolute values are within a factor of two. For the

halogens the cross sections (in 2) range from III for Cs2-Br2 to0haloensthecros sctins in ) rngefro 11 fo Cs-Br to0.07

for Cs2-F2. An explanation is offered for these large differences. The

dimer cross sections with the polyhalides range from 6 to 0.06. With UF6

the cross sections with K and Cs are much smaller than those for K2 and Cs2.

The results of the measurements performed by alkali atom impact and

chemi-lonization with alkali diners are smimarised In Table 1. In many

cases these measurements provide new Information on these systems.
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Table 1. Summary of molecular energetics determined by alkali atom impact4 and dizmer reactions:

Molecule E.A. (W) Dissociation Energy (eV)

Mo6

MoF 5  >3.3

WF6>4.9 D ('67 SF) <5.0

UP5  >1.9

HNO 3  0.57 D(NO 3 -H) 1.28

D(N0 2 -OH) 0.4

Pd13  0.8 D(~ 2-Cl) 3.3

POC13  1.4 D(POC1l2-Cl) 3.5

P~r3  1.6 D(PBr -Br) 2.6

PC 2 Br 1.5

PBr 2 C 1.6

POC12  3.8

CO 2  -1.1> >-2.1

0 3 2.14

S02 1.14

503 ?1.70

Cl2  2.5

1 2.5

Cy 3  1.4 D(Cd13-1) 2.05

D(C1 3-1-) 0.38

13 (continmued on sout pape)



I

4. Although considerable work has been done on H ion sources

it is not clear how the direct extraction sources function, how or where

the ions are produced and what volume processes lead to formations and

destructions. A general way to improve source performance has involved

the addition of alkalis (particularly Cs) so that the application of the

above techniques to the reactions of alkali atoms and dimers with H2/D2

could prove to be extremely useful. Our preliminary experiments using fast

Cs beams on H2/D2 produced results which were difficult to understand.

Work is proceeding on this important system.
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(2)

Table 1. Sunmmary of molecular energetics determined by alkali atom impact

and dimer reactions: (continued)

Molecule E.A. (eV) Dissociation Energy (eV)

TiCI 4  2.9 D(Cl 3Ti-Cl) 2.8

D(C1-TiCl 3  5.8

TiC].3  0.6

SnCI 2.5 D(Cl-SnCl 3 1.4

SnCl 3  3.7 D(SnCl 2-CI) 2.8

GeCl 3  >2.6

BF 3  >0

BU 3  0.33

BC 2Br 0.69

BClBr 20.94

BBr 3  0.82

ME T"T
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1) Summer Support for Faculty

The principal investigator, E. W. Rothe, Professor of Engineering, and

G. P. Reck, Professor of Chemistry, have received summer support from this
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His primary contributions were improvement of instrumentation and data

handling.
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